OBJECTIVE: To investigate the determinants of resting energy expenditure (REE) in obese non-diabetic caucasian women. DESIGN: A cross-sectional survey study before the beginning of a weight-reduction program. SUBJECTS: 141 obese, non-diabetic women of caucasian origin (BMI 34.8 AE 3.7 kg/m 2 , age 43.2 AE 8.0 y, mean AE s.d.). MEASUREMENTS: Resting energy expenditure (an indirect calorimetry), body composition (a bioelectrical impedance), fat distribution (anthropometry) and heart rate (ECG) were determined after 12 h overnight fast and apolipoprotein E phenotype was examined. RESULTS: In a linear multiple regression analysis fat-free mass, fat mass and age together with heart rate and waisthip ratio emerged as signi®cant determinants of REE. In the other regression model, also serum insulin emerged as a signi®cant determinant of REE, in addition to fat-free mass, fat mass and age. There was no signi®cant differences in REE among the different apolipoprotein E phenotype groups. CONCLUSION: Besides fat-free mass, also fat mass, age, heart rate, waist-hip-ratio, and serum insulin level make a signi®cant contribution to REE in obese women.
Introduction
Resting energy expenditure (REE) is a complex phenotype associated with the metabolic rates of tissues and organs of the body measured in the basal state after an overnight fast. 1 In most sedentary adults, it is the main component of total energy expenditure (TEE), and accounts for 60±70% of TEE. 2 Even minor changes in REE could account for energy imbalance, and a low REE predicts weight gain. 3 Therefore, it is important to know the factors determining REE. Fat-free mass (FFM) has emerged as the main predictor of REE, explaining about 60±85% of the variation in REE. 4 In addition, fat mass (FM) and age, 5 weight 6 or percentage of body fat 7 have been found to be signi®cant determinants of REE. REE is also in¯uenced by gender 8 and activity of the sympathetic nervous system (SNS), 9 and perhaps by bodyfat distribution. 10 In addition, insulin resistance has been associated with the lower rates of weight gain, 11 thus indicating that glucose metabolism may have some contribution to energy metabolism as well. Finally, apolipoprotein E (apo E) polymorphism is related to lipoprotein metabolism, 12 but it is not known whether it is involved in the energy metabolism.
However, recently the view of FFM as accounting for an overwhelming fraction of the REE variance has been questioned, 1 because the close relationship between the body composition and REE could be ascribed to the large heterogeneity of the subjects retained for analysis. 13 In previous studies, the determinants of REE have been examined in large cohorts consisting of both obese men and women, 5 lean and obese men and women 14, 15 or lean and obese women. 6, 7 In the present study we wanted to examine the determinants of REE in a large and quite homogenous group of the subjects. Thus, the independent contribution of age, body composition, distribution of body fat, glucose metabolism, apo E polymorphism, and activity of the sympathetic nervous system as indicated by the resting heart rate, to the REE, was investigated in obese, non-diabetic, caucasian women.
Subjects and Methods

Subjects
Altogether 141 obese women (body mass index 34.8 AE 3.7 kg/m 2 , mean AE s.d., range 28.6±43.3; age 43.2 AE 8.0 y, range 25±61), who were applying for a weight reduction program, 12 participated in the study. All subjects were of caucasian origin. The main exclusion criteria were previously known or newly diagnosed diabetes, signi®cant thyroid, liver or kidney disease, eating disorders and markedly elevated blood pressure (diastolic blood pressure ! 105 mmHg). Subjects using beta-blocking agents, which could affect REE, were excluded from this study.
Methods
The subjects arrived into the laboratory in the morning after 12 h overnight fasting. They had been advised to avoid heavy physical work or exercise from the preceding day till the measurement. All the measurements were made by standardized methods. Weight was measured after voiding, and body mass index (BMI) was calculated (BMI weight(kg)/height(m 2 )). Circumference of the waist was measured at the level of the midway between the lateral lower rib margin and the iliac crest. Hip circumference was measured at the level of the major trochanters through the pubic symphysis. Body composition was determined by bioelectrical impedance (RJL Systems, Detroit, USA). Resting heart rate (HR) was calculated from a twelve lead conventional ECGs.
REE was measured by indirect calorimetry (Deltatrac, TM Datex, Helsinki, Finland) using a computerized¯ow-through, canopy-gas analyzer system, which was calibrated with the precision gas mixture before each measurement. Brie¯y, 40 L air/min was suctioned through the canopy, which was placed on the head of the patient. Samples of inspired and expired air were analyzed for differences in oxygen concentration by using a paramagnetic differential oxygen sensor and differences in carbon dioxide by using an infrared carbon dioxide analyzer. Signals from the gas analyzers were processed by the computer; and the oxygen consumption (VO 2 ), carbon dioxide production (VCO 2 ) and respitatory quotient were calculated once a minute for 30 min. For each set of data the ®rst 10 min were discarded and the mean value of the data for the remaining 20 min was used in the calculations.
REE (cal/min) was calculated according to Ferrannini 16 and expressed as kJ/d (kcal/d). Urinary excretion of nitrogen, to describe the nitrogen excretion at the time of the calorimetry measurement, was collected for 12 h from the evening of the preceding day. Nitrogen was analyzed by the automated Kjeldahl method. The samples were not available for 42 subjects, and the value 7.6 mg/min (11 g/24 h) was used as an estimate of the urinary excretion of nitrogen for these subjects in the calculation of REE. REE was adjusted for the variation in FFM by linear regression. 17 The adjusted REE (adREE) was calculated as the group mean REE 6547 kJ/d, (1564 kcal/d) plus the measured REE (individual value for each subject) minus the predicted REE (generated from the multiple regression analysis). In addition to the adjustment of REE for the variation in FFM, in some analyses REE was also adjusted for the variation in other signi®cant determinants of REE that differed signi®cantly between the comparable groups (for example between the smokers and non-smokers or among different apo E phenotype groups).
Biochemical analyses
Serum insulin was analyzed by RIA with the double antibody-PEG technique CIS (CIS bio international, B.P. 32, F-911 92 Gif-sur-Yvette Cedex, France) and serum glucose by kinetic photometry with glucosedehydrogenase. 18 Apo E phenotype was determined from serum after delipidation with isoelectric focusing and immunoblotting techniques by use of commercial antibodies. 19, 20 
Statistical analyses
The relationships between REE and the factors of interest were analyzed by Pearson correlation analysis. The independent associates of REE were assessed by stepwise multiple regression analysis including variables which signi®cantly (P`0.05) correlated with REE in the univariate analysis as dependent variables. The highly related variables, for example waist and WHR, were not included into the same multiple regression analyses. One-way analysis of variance and Student's t±test were used to evaluate the differences among groups. The results are expressed as mean AE s.d. unless otherwise speci®ed. Data were analyzed using the SPSS/PC program. 21 
Results
The means and distributions of the variables of interest in the present study are presented in Table 1 . The interindividual variability in REE and adREE was high, the differences between the highest and the lowest values being 4299 kJ/d (1027 kcal/d) for REE and 2893 kJ/d (691 kcal/d) for adREE. Eleven subjects had apo E phenotype 3,2; four had apo E 4,2; 90 had apo E 3,3; 32 had apo E 4,3 and four had apo E 4,4. In the analyses the women with apo E 3,2 or 4,2 phenotypes were combined into one group to represent the group of subjects with apo E 2 allele, and similarly, the women with apo E 4,3 or 4,4 phenotypes were combined into one group to represent subjects with apo E 4 allele. Together 25.7% of the women were current smokers.
In the univariate correlation analysis, REE was strongly related (P`0.001) to weight, FFM, FM, waist and hip circumferences and waist-hip-ratio (WHR), BMI, height, serum insulin level and age. In addition, REE correlated signi®cantly with HR (P`0.01). The correlation of REE with serum glucose was lower and not statistically signi®cant. (Table  2) REE was signi®cantly higher in the smoking than in the non-smoking women [6832 AE 800 vs 6451 AE 724 kJ/d (1630 AE 191 vs 1541 AE 173 kcal/d), respectively, P 0.02]. However, the smokers and non-smokers differed in age (P`0.001), FFM (P 0.04), HR (P 0.02) and WHR (P 0.03). Therefore, REE was adjusted for the variation in these variables by linear regression. After adjustment Various linear multiple regression analyses were carried out to determine the signi®cant independent associates of REE. In the stepwise multiple regression analysis including FFM, FM, WHR, BMI, HR, age and serum insulin as independent factors, FFM, FM, WHR, HR and age explained 61% of the variation in REE (Table 3 ). In this linear regression model, serum insulin or BMI were not signi®cant determinants of REE.
When WHR was replaced by waist and hip circumferences in the stepwise multiple regression analysis with the same independent variables as above, serum insulin, in addition to FFM, FM and age, emerged as signi®cant determinants of REE; all these variables together explained 59% of the variation in REE (Table  4) . Neither waist and hip circumferences, HR or BMI were signi®cant determinants of REE in this analysis.
FFM was the strongest single determinant of REE, accounting alone for 43% of the variation in REE. To ascertain the associates of REE independently of FFM, the correlation coef®cients were calculated between adREE (adjusted for the variation in FFM) and the signi®cant determinants of REE. Signi®cant correlations were found between adREE and FM (r 0.37, P`0.001), age (r 7 0.35, P`0.001), WHR (r 0.34, P`0.001), serum insulin (r 0.36, P`0.001) and HR (r 0.24, P`0.004) (Figure 1 17] . The three apo E groups tended to differ in two signi®cant determinants of REE, in age (P 0.03) and FFM (P 0.08). After adjustment of REE by linear regression for the variation in these variables, those with the apo E 2 allele still had lower adjusted REE than those in other apo E groups, but the difference among the groups was not statistically signi®cant [ 
Discussion
FFM was the strongest determinant of REE, accounting for almost half of the variation in REE in the Determinants of resting energy expenditure L Karhunen et al obese, non-diabetic caucasian women. The close relationship between FFM and REE has been well documented 4 and can be accounted for by the fact that FFM re¯ects the amount of metabolically active tissue. 2 However, recently the role of FFM as accounting for an overwhelming fraction of REE variance has been critizied due to the heterogeneity of the cohorts studied. 1 In the present study, the contribution of FFM to REE was studied in quite a homogenous group. Interestingly, in this group, FFM explained less of the variation in REE than reported earlier. 4 This supports the view that the contribution of FFM to REE is dependent on the homogeneity of the population under investigation. 1 If there is a large variability in body weight in a given population, the contribution of FFM is also strong. Furthermore, in the present study, weight showed a somewhat stronger correlation with REE than FFM did, indicating that in obese women weight, consisting of both FFM and FM, might be even a better determinant of REE than FFM alone, as suggested by Dore et al 6 and Mif¯in et al 6 as well. The lower contribution of FFM to REE could also be questionable because of the method used for the measurement of body composition. We have, however, validated this method by measuring body composition both by the bioelectrical impedance (RJL Systems, Detroit, USA) and the dual-energy X-ray absorptiometry (Lunar DPX, Lunar Radiation Corp, Madison, WI) in a subgroup (r 0.84 for FFM and r 0.91 for FM, n 45, unpublished data), thus con®rming the accuracy of the bioelectrical impedance method used in the determination of body composition. Another methodological point which could be taken into account is the impact of the correction of REE for the urinary nitrogen excretion. The impact of this correction on REE is, however, very small, and may thus not be of great importance for the ®nal results obtained.
FM was associated with REE even after adjustment for the differences in FFM, thus indicating an independent contribution of FM to REE. Although this Values are the regression coef®cients (RC) AE s.e. for the linear model of parameters. Figure 1 The relationships between (A) adREE (resting energy expenditure adjusted for the variation in fat-free mass), and fat mass, r 0.37, P`0.001; (B) adREE and age, r 7 0.35, P`0.001; (C) adREE and waist-hip-ratio, r 0.34, P`0.001; (D) adREE and serum insulin, r 0.36, P`0.001; and (E) adREE and heart rate, r 0.24, P 0.004.
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L Karhunen et al association has been observed also earlier, 5, 7 it has also been questioned. 4 REE is the sum of the energy needed for various energy-requiring organs. The metabolic rate of adipose tissue is only 1% of the metabolic rate of most energy-demanding organs, such as brain, heart, liver and kidney. 22 Therefore, FM has to be large before it can become a signi®cant contributor to REE. In the present study, all the subjects were obese and had large amounts of FM, which might, thus, explain the signi®cant contribution of FM to REE. Consequently, our ®nding con®rms the impact of FM on REE, and suggests that FM should be considered when determining REE in obese population.
The independent positive association was observed between WHR and REE, in accordance with the idea of the association of the abdominal obesity with increased and the gluteo-femoral obesity with decreased REE. 10, 23 However, contradictory results have also been reported, 24, 25 indicating that the link between body-fat distribution and REE is weak and confounded by other factors. 23 Among others, the gender differences have been reported: the correlation between visceral fat and REE has been found in women but not in men. 26 In the present study, only women were studied, and at least in this particular group the contribution of body fat distribution to REE was supported.
The higher age was associated with lower REE, in accordance with earlier reports. 27 The decline in basal metabolism has been estimated to be about 1±2% per decade from the second to the seventh decade of life. 28 Although this decrease can be explained largely by the decrease in FFM, 29 age has been shown to contribute to REE also independently of the body composition. 27 In that case, the decreased activity of SNS with aging has been thought to explain the contribution of age to REE. In the present study, the association of age with REE was not entirely explained by FFM, thus suggesting the independent role for age as a determinant of REE in obese women.
HR was a signi®cant predictor of REE in our study population. A strong positive correlation between energy expenditure and resting HR has also been reported by others. 30 In fact, the use of HR to determine energy expenditure is based on the relationship between the oxygen consumption and HR, 31, 32 although its utility has been critizied. 33, 34 Furthermore, HR can be considered to re¯ect the activity of SNS. It could thus be argued that HR and age are not independent predictors of REE, but aging results in decreased activity of SNS and consequently in a lower REE. However, in the present study both HR and age had an independent in¯uence on REE suggesting that the effects of aging and SNS on REE are not tightly intercorrelated.
The fasting serum insulin level was signi®cantly associated with REE when waist and hip circumferences were included in the multiple regression analysis instead of WHR. Abdominal obesity is often characterized by higher fasting insulin values, and WHR, as an indicator of abdominal obesity is known to correlate positively with serum insulin level. 35 In fact, serum insulin correlated positively with WHR in the present study, as well (r 0.43, P`0.001). Therefore, it is not surprising that when WHR was used in the same regression analysis with insulin, the effect of insulin remained non-signi®cant. Insulin is known to stimulate SNS activity, 36 giving a plausible explanation for an association between REE and serum insulin level. In obese subjects, hyperinsulinemia may act as a signal that allows a connection between peripheral metabolism and the neuronal regulation of energy balance. 37 Consequently, this might explain the ®nding that high levels of fasting insulin and insulin resistance may protect from further weight gain. 11 The observation that the subjects with apo E 2 allele tended to have a lower REE than those with other phenotypes was new and interesting. Although the difference in REE, adjusted for the variation in FFM and age was small, 134±260 kJ/d (32±62 kcal/d), it may in¯uence weight maintenance over a longer period of time. It has been pointed out that even a small positive energy balance due to reduced REE may predispose an individual to weight gain. 38 However, because the differences between the groups did not reach statistical signi®cance, it cannot be stated on the basis of this study that apo E polymorphism is involved in energy metabolism in obese women.
Conclusions
In addition to the well-known effects of fat-free mass on resting energy expenditure, also body fat mass, abdominal obesity, age, heart rate and fasting serum insulin level make a signi®cant independent contribution to the resting energy expenditure in obese, nondiabetic caucasian women.
